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SPECIFICATION 
METHOD OF DETECTING PROTRUDENT ADHERED MATTERS 
AND METHOD OF MAKING SPARK PLUG USING THE SAME 
TECHNICAL FIELD OF THE INVENTION 
5 The present invention relates to a method of detecting 

protrudent matters adhered to surfaces of metallic materials 
when connecting them, and a method of making spark plugs using 
the same . 

BACKGROUND OF THE INVENTION 

10 Conventionally, while connecting metallic materials by 

welding, metallic pieces as so-called spatters scatter around 
and cause phenomena as protrudent matters adhered to surfaces 
of metallic materials to be connected. Since the protrudent 
adhered matters worsen a normal surface of the metallic material 

15 and possibly cause deterioration of a product quality, it has 
been demanded to establish a method of generating no protrudent 
adhered matters when connecting metallic materials, or a method 
of exactly detecting presence or absence of the protrudent 
adhered matters in products • 

20 A problem to be solved by the invention is to provide 

a method of detecting the protrudent matters adhered to the 
surfaces of metallic materials when connecting them and a method 
of making spark plugs using the same, enabling to detect at 
high precision occurrence of the protrudent adhered matters 

25 caused by connecting the metallic materials, and in turn offer 
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products of high quality, and effectively accomplish increase 
of yield. 

DISCLOSURE OF THE INVENTION 
For solving the problem as mentioned above, the invention 
5 is to offer a method of detecting protrudent matters adhered 
to an outside of a work member connected with a plurality of 
metallic materials, 

the method including: 

a photographing process for photographing the connected 
10 work member by a photographing instrximent to " create a 
photographic image, 

a confirmation process of making an outside outline of 
the connected work member (also called as ^^outline of the work 
to be detected'' hereafter) in the photographic image correspond 
15 to a range including anon-allowable range not allowing existence 
of the protrudent adhered matters and confirming presence or 
absence of existence of the outline of the work to be detected 
in the non-allowable range, and 

a judging process of judging that protrudent adhered 
20 matters exist on the outside of the connected work member when 
confirming, in the confirmation process, the existence of the 
outline of the work to be detected in the non-allowable range. 

If, as mentioned above, making the outside outline of 
the connected work member in the photographic image correspond 
25 to the range including the non-allowable range not allowing 
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the existence of the protrudent adhered matters, it is possible 
to judge whether or not the outside outline is normal on the 
basis of the corresponding non-allowable range (that is, the 
connected work member has a shape not allowed of the existence 
5 on the outside outline in the non-allowable range) , and decide 
an index for confirming the existence of the protrudent adhered 
matters- The non-allowable range may be in advance decided 
on the basis of the outside outline (an outline of the reference 
work) of a reference work material to be a reference of the 
10 connected work member, whereby the non-allowable range can be 
made correspond to the outside external of the connected work 
member. 

For confirming the existence of the protrudent adhered 
matters, the confirmation process may adopt such a method of 

15 previously deciding a range-forming line for forming a range 
including the non-allowable range, moving the decided range- 
forming line to X-axis or Y-axis in order to make correspond 
to the outline of the work to be detected, and confirming whether 
or not the outline of the work to be detected exists in the 

20 non-allowable range. Specifically, the confirmation process 
may employ such a method of, on the basis of the outline of 
the reference work, previously setting a detecting line as a 
boundary between the non-allowable range and an allowable range 
for allowing the existence of the outline of the reference work 

25 neighboring the non-allowable range, making the correspondence 
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between the detecting line and the outline of the work to be 
detected in the photographic image, and confirming whether or 
not the outline of the work to be detected exists on the detecting 
line- The correspondence between the outline of the work to 
5 be detected and the non-allowable range as well as the 
correspondence between the outline of the work to be detected 
and the detecting line may be provided in the photographic image 
of the connected work member, so that the correspondence can 
be rapidly realized with good precision. If judging the 

10 existence of the protrudent adhered matters by the method of 
confirming presence or absence of the outline of the work to 
be detected within the non-allowable range (on the detecting 
line) , master data in advance prepared for passing the judgment 
is enough with only data for prescribing the non-allowable range 

15 (the detecting line) , and in regard to reading out or referring 
to the data, the amount of dealing data is reduced, and rapid 
processing may be effected. 

Further, in a plurality of metallic materials connected 
as the connected work member, reference points per members are 

20 respectively decided per members, and on the basis of the 
reference point per member, the detecting line may be positioned 
per respective metallic materials . If providing the reference 
point per member and exerting the method of deciding the 
respective detecting lines based on the reference point per 

25 member, the positional relation between the detected lines and 
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the metallic materials can be set correctly each of the members - 
For example, even if a dimension in a direction almost crossing 
with the welded part is changed owing to connected conditions 
so that the positional relation between the metallic materials 
5 is more or less changes (for example, even if a thickness 
dimension in the welded part is a little dispersed by the welded 
condition) , since the detecting line is set in reference to 
each of the members connected over across the welded part, the 
detecting lines are made correspond to the respective members, 

10 and set with high precision . It is thereby possible to heighten 
the detecting precision of the protrudent matters adhered to 
the outside of the connected work member. 

The plurality of metallic materials include two metallic 
materials of different diameters, and in regard to at least 

15 one of these two metallic materials, a position changing the 
diameter in the outline of the work to be detected can be 
determined as the reference point per member. If determining 
the changing position in the diameter as the reference point 
per member, though not carrying out any complicated treatment 

20 in an obtained photographic image, since it is sufficient to 
only detect the changing position of a characterized diameter, 
the reference point per member can be easily determined. By 
easily determining the reference point per member, the detecting 
line is easily set, and the outline of the work to be detected 

25 and the detecting line can be made correspond rapidly with high 
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precision. By the way, practically/ of the outlines of the 
work to be detected of the connected work members of the two 
metallicmaterials of the different diameters, apeakof a square 
protrusion of the metallic material of the larger diameter is 
5 rendered to be a changing position of the diameter, and a distal 
point of the peak can be employed as the reference point per 
member, whereby the reference point per member can be exactly 
positioned in the obtained photographic image, so that the 
detecting line can be created with good precision, and in turn 
10 the detecting precision of the protrudent matters adhered on 
the outside of the connected work member can be more heightened, 
BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. lA, IB is explanatory views schematically 
explaining occurrence of the protrudent adhered matters in 
15 connection of the metallic materials- 
Fig. 2 is an explanatory view for explaining the reference 
point and the ordering point of the detecting line based on 
the image of the reference work member; 

Fig. 3 is an explanatory view for explaining determination 
20 of an ordering point of a second side-detecting line based on 
an ordering point of a first side-detecting lines- 
Fig. 4 is a view showing another example of Fig. 3; 
Fig. 5 is a flow chart showing one example of a specific 
flow of a method of detecting the protrudent adhered matters 
25 according to the invention; 
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Fig. 6 is an explanatory view for explaining determination 
of the detecting line in the photographic image of the connected 
work member; 

Fig. 7 is a view schematically showing a detecting 
5 apparatus; 

Figs. 8A-8E are explanatory views for schematically 
explaining photographs at various angular positions; 

Fig . 9 is an explanatory view for explaining determination 
of rotation angles; 
10 Fig. 10 is a block diagram showing one example of an 

electrical structure of the detecting apparatus of Fig. 7; 

Fig. 11 is a view showing another example of the connected 
work member; 

Figs. 12A - 12D are views showing examples of detecting 
15 methods of the reference points; 

Fig. 13 is an explanatory view showing a method of 
determining the reference points of the first member; 

Fig. 14 is a vertically cross sectional view showing one 
example of a spark plug as an object to be detected as to the 
20 protrudent adhered matters and an enlarged view thereof; and 
Figs. 15A, 15B are explanatory views showing one example 
of a welding process of the spark plug of Fig. 14. 

In the drawings, reference numeral 1 is an inspection 
apparatus, 10 is the connected workmember, 12 is a photographing 
25 camera (the photographing instrument) , Li is an outline of the 
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reference work , L2 is an outline of the work to be detected, 
102, 102' are detecting lines, s is the protrudent adhered matter, 
Sio is a photographing center line of the reference work member, 
and S20 is the photographing center line of the connected work 
5 member . 

MOST PREFERRED EMBODIMENT FOR PRACTISING THE INVENTION 

Explanation will be made to an example of the invention 
referring to the attached drawings. 

To state a summary of the invention, themethodof detecting 

10 the protrudent adhered matters comprises the photographic 
process and the confirmation process, and in the photographic 
process, a plurality of metallic materials are connected to 
build the connected work member, and the connected work member 
is taken a photograph as an ob j ect for detecting adhered matters 

15 thereon via a photographing instrument, while in the 
confirmation process , on the photographic image of the connected 
work member made by the photographic process, it is confirmed 
whether protrudent adhered matters exist on the outside of the 
connected work member. Figs. lA - IB are the schematic views 

20 of connection of the metallic materials, and in this example, 
the two metallic material 10a, 10b are welded (for example, 
a laser welding, a resistance welding or electronicbeam welding) 
to form the connected work member 10. The method according 
to the invention detects whether the protrudent adhered matters 

25 (so-called spatters) S appear on the surface of the connected 
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work member 10 ♦ 

In the example, the respective metallic materials are 
formed with circular columns in at least one parts thereof, 
and the connected work member so arranged that these circular 
5 columns are coaxial, is taken as the object for detecting the 
protrudent adhered matters. In an example of Fig. lA, prior 
to connection, a first metallic material 10a is shaped in the 
circular column, and a second metallic material 10b is formed 
in that the two circular columns of different diameters are 

10 stepwise continuous in an axial direction. The circular column 
of the smaller diameter is a connecting part 10c and the circular 
column of the larger diameter is a seat part lOd. An end face 
of the connecting part 10c and an end face of the first metallic 
material 10a are respectively connecting faces, and are 

15 connected each other to form the connected work member 10 as 
shown in Fig. IB. 

Further, as a detecting treatment of the protrudent 
adheredmatters, there are a non-allowable range and an allowable 
range, and the non-allowable range is determined in a periphery 

20 of an outside outline Li (called as also ''outline Li of the 
reference work'' hereafter) of a later mentioned reference work 
member 100 (see Fig. 2) which is a reference of a previously 
determined and connected work member 10, and does not allow 
existence of the outline Li of the reference work (in other 

25 words, does not allow the existence of the protrudent adhered 
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matters as spatters), while the allowable range allows the 
existence of the outline Li of the reference work, and the 
non-allowable range and the allowable range are made 
correspondent on the basis of the reference point determined 
5 on an outline of the work to be detected L2 in a periphery of 
the outside outline L2 (also called as ^'outline L2 of the work 
to be detected" hereafter) of the connected work member 10 in 
the photographic image as seen in Fig. 6. The outline L2 of 
the work to be detected is confirmed as to presence or absence 

10 in the non-allowable range. As shown in detail in Fig. 6, a 
detecting line 102' as a boundary between the non-allowable 
range and the allowable range is determined on the basis of 
the reference point determined on the outline L2 of the work 
to be detected for confirming whether or not the outline L2 

15 of the work to be detected exists on the detecting line 102' . 
In the following description, explanation will be specifically 
made to this determining method and the detecting method of 
the protrudent adhered matters based thereon. 

For setting the non-allowable range and the allowable 

20 range, at first as in Fig. 2, the detecting line 1 02 as a boundary 
between the non-allowable range and the allowable range is in 
advance registered as to configuration following the outline 
Li of the reference work. For generating the detecting line 
102' corresponding to the outline L2 of the work to be detected 

25 so as to reflect the positional relation between the detecting 
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line 102 and the outline Li of the reference work, the detecting 
line 102 based on the reference work member 100 and the outline 
L2 of the work to be detected are made correspondent in the 
photographic image taking a photograph of the connected work 
5 member as Fig. 6 (the detecting line 102 made correspondent 
in the photographic image is the detecting line 102')/ and in 
the photographic image made correspondent it is confirmed 
whether or not the outline L2 of the work to be detected exist 
on the detecting line 102' . 

10 The detecting line 102 based on the reference work member 

100 is positioned as follows • At first, as shown in Fig. 2, 
the reference work member 100 is previously photographed as 
one having a normal shape (no existence of the protrudent adhered 
matters) being the reference of the connected work member 10 

15 by the photographing instrument (practically, photographed in 
the same manner as photographing the connected work member as 
later mentioned) . Reference points (reference points per 
members) are set per respective members in the photographed 
reference work member 100. Referring to the example of Fig. 

20 2, the reference point Fi of the first member is fixed as the 
reference point per member in a first reference member 100a, 
and detecting line-ordering points A, B as well as A', B' are 
^respectively determined in correspondence to the reference 
points Fi of the first member. 

25 The reference points Gi, Gi' of the second members are 
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fixed as the reference points per members in the second reference 
member 100b, and detecting line-ordering points C, D, E are 
set in correspondence to a reference point Gi of the second 
member, and detecting line-ordering points C , D' , E' are set 
5 in correspondence to the reference point Gi' of the secondmember , 
respectively- The thus set detecting line-ordering points are 
made correspondent to reference points F2, G2, G2' set by 
reflecting the positions of the reference points Fi, Gi, Gi' 
in the photographic image of the connected work member 10 as 

10 shown in Fig. 6, and are the reference positions for setting 
the detecting line 102' (see Fig. 6) along the outside outline 
L2 of the connected work member 10. 

The reference point is determined in the reference work 
member 100 as follows. At first, based on the image of the 

15 photographed reference work member 100, a temporary central 
axial line Si of the reference workmember 100 in the photographic 
image (also called brief ly as ^^central axial line Si" hereafter, 
corresponding to a later mentioned temporary image central axial 
line Si) is determined. Specifically, as shown in Fig. 2, in 

20 plural positions of prescribed intervals (in Fig. 2, intervals 
W) of the second metallic material 100b of the reference work 
member 100, measuring lines (measuring lines Po - Po ... Pn - 
Pn) are determined, and regarding directions of the measuring 
lines as width directions, measurement is made to a width of 

25 the second metallic material 100b. Practically, the measuring 
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lines in prescribed coordinate direction in the photographic 
image are drawn in parallel at fixed intervals. Besides, 
crossing points (crossing points Po - Po crossing points 

Pn - Pn) between the measuring lines and the outline Li of the 
5 reference work are fixed, and regarding the crossing points 
as widths, centers of the widths are determined as central points . 
Further, as shown in Fig. 13, a straight formula for prescribing 
the temporary central axial line Si based on the plural central 
points to be determined, is demanded by a regression formula 

10 based on these plural central points (for example, the straight 
formula based on a method of least square) . The decided straight 
formula is made a temporary central axial line Si, and at the 
same time, crossing points with the outline Li of the reference 
work in the temporary central axial line Si are temporary 

15 reference points Fi' of the first member. Practically, the 
crossing point with the outline Li of the reference work in 
the side of the first metallic material 100a is the temporary 
reference point Fi' of the first member. 

By the way, the above mentioned temporary reference point 

20 Fi' of the first member may be, as it is, utilized as a regular 
reference point and the temporary image central axial line Si 
may be utilized as a regular image central axial line, but if 
determining the regular reference point and the regular image 
central axial line as follows, determining precision can be 

25 more heightened. As shown in Fig. 13, in plural positions of 
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fixed intervals Z shifted to a lower side of Fig. 13 (toward 
the second member) by a size previously determined from the 
temporary first reference point of the member Fi' determined 
as mentioned above, a plurality of measuring lines of the first 
5 metallic material 100a are determined in parallel in the 
prescribed coordinate direction. Crossing points (crossing 
point Ro, Ro . . • crossing points Rn, Rn) between the measuring 
lines and the outline Li of the reference work are set, and 
regarding as widths the intervals between central points being 

10 the crossing points, centers of the widths are determined. 
Further, the straight formula for prescribing the temporary 
central axial line Sio (corresponding to a later mentioned image 
central axial line Sio) based on the plural central points to 
be determined, is demanded by the regression formula based on 

15 these plural central points (for example, the straight formula 
based on the method of least square) . The central axial line 
Sio for the first metallic material 100a in the photographed 
image is decided as Fig. 13, and a crossing point between the 
central axial line Sio and the outline Li of the reference work 

20 is finally set as the reference points Fi of the first member. 
Thus, if providing the central axial line Sio of the first metallic 
material 100a and setting the reference points Fl of the first 
member, even if the first metallic material 100a is more or 
less offset with respect to the central axial line Si owing 

25 to a welding, the reference point per member is settled to the 
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first metallic material 100a at good precise, so that the 
precision of setting the detecting line and detecting spatters 
may be heightened. By the way, although Fig. 13 omits the 
detecting line in the explanation, it is set on the basis of 
5 the reference points Fi, Gi, Gi' by the same technique as in 
Fig. 2. Fig. 2 shows the example that the central axial line 
Sio agrees with the temporary central axial line Si. 

In the side of the second metallic material 100b, changing 
positions of the widths in the outline Li of the reference work 

10 are set as the reference points Gi, Gi' per members. In the 
example of Fig. 2, a point that the outline Li of the reference 
work is discontinuous, is the changing position of the width, 
and projections 100k, 100k are formed with the discontinuous 
points being peaks. The peaks of the projections 100k, 100k 

15 are reference points per members (the second reference points 
of the members GI, GI' ) . In the example of Fig. 2, the pro j actions 
are formed to be rectangular, but not limiting thereto, for 
example, as seen in Fig. 11, such a connected work member 10 
may be aimed at, which (member 10) is formed with projections 

20 lOe having the outline of the reference work being obtuse angle . 
Otherwise, the projection may be substantially square. For 
example, the reference point per member may be settled 
continuously to the projection lOe having the outline of the 
reference work Li projecting in curve. 

25 A determining method of the reference point per member 
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at the projection, as shown in Figs. 12A - 12D, may determine 
the crossing point as the reference point per member (the 
reference point Gi of the second member ) , which (crossing point ) 
is kept between both sides of the straight line parts Ni, N2 

5 of the pro j ection lOe of the outline L2 of the work to be detected 
(the same even in the outline Li of the reference work) or which 
is on extensions of the straight linepartsNi, N2 . Specifically, 
at first, as Fig. 12A, a template T shaped in square is prepared 
which is a reference of the projection lOe. Further, as Fig. 

10 12B, a position is sought for which is most matched to the shape 
of the template T in the outline L2 of the work to be detected. 
In Fig. 12B, a position 2 is matched, and the peak of the template 
T at the matched position is set as a peak of the projection 
(that is, a reference point per member (the reference point 

15 Gi of the secondary member) ) . As seen in Fig. 12C, even if the 
projection lOe is curved in the outline L2 of the work to be 
detected, or as Fig. 12D, even if the projection is not under 
a good surface condition (for example, even if such as a bur 
exists nearly the projection lOe) , it is possible to set the 

20 reference point per member (the reference point Gi of the 
secondary member) . 

Further, as Fig. 2, in case the reference work member 
100 projects to an imaginary plan in parallel to its own central 
axial line (omitting a drawing: ''its own central axial line" 

25 referred to herein is meant by the central axial line of the 
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reference work member 100 itself, and distinguishes from the 
central axial line on the projected image) , the reference work 
member 100 uses a linearly symmetrical central axial line as 
a symmetrical axis of the central axial line Sio on the projected 
5 image (also called as ^^image central axial line Sio" hereafter) . 
Reasonably, as Fig. 6, the connected work member 10 also have 
the symmetrical shapes. In the reference work member 100 as 
shown in Fig. 2, in case one side as to the image central axial 
line Sio in the outline Li of the reference work is rendered 

10 to be a first side and another side is to be a second side, 
mutually symmetrical reference points are respectively settled 
at the first side and at the second side (in Fig. 2, a right 
side is the first side and the opposite side is the second side) . 
Based on the reference point in the first side (the first side 

15 reference point) , an ordering point for prescribing a detecting 
line position of the first side (also called as ^'the ordering 
point of the first side-detecting line" hereafter) is decided, 
and similarly, based on the reference point in the second side 
(the reference point of the second side) is decided. 

20 Practically, the positional relation between the second 

side reference point and the ordering point of the second side 
detecting line is symmetrical concerning the image central axial 
line Sio with respect to the positional relation between the 
first side reference point and the ordering point of the first 

25 side-detecting line, and in such a way, the ordering point of 
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the second side detecting line can be automatically settled 
on the basis of positional information of the first side 
ref erencepoint/ the second side ref erencepoint and the ordering 
point of the first side detecting line . ^^Automatically settled" 
5 referred to herein is meant by not manual input but treatment 
of automatically generating the ordering point of the second 
side detecting-line based on the information of the respective 
points. Figs, 3 and 4 show practically technical examples as 
to the automatic settlement. 

10 Fig. 3 shows an example of deciding an ordering point 

A' of the detecting line based on the decided ordering point 
A of the detecting line and the symmetrical axis Sio (that is, 
the above mentioned image central axial line Sio) , while Fig. 
4 shows an example of deciding an ordering point D' of the 

15 detecting line based on the ordering point D of the detecting 
line and the symmetrical axis Sio. Fig. 3 decides the ordering 
point A' of the detecting line at the symmetrical position 
concerned with the symmetrical axis (the image central axial 
line Sio) of the ordering point A of the detecting line. That 

20 is, in case the ref erence point is positioned, like the ref erence 
point Fi, on the symmetrical line, it functions as both reference 
points of the first side reference point and the second side 
reference point. In Fig. 4, in regard to the symmetrical axis 
(the image central axial line Sio) of the ordering point D of 

25 the detecting line and the reference point Gi (the first side 



reference point) of the second member a symmetrical position 
Gi" (parts of broken lines) is determined, and based on the 
positional relation of the symmetrical position. Gi" and the 
reference point Gi' of the second member (the second side 
5 reference point) , the symmetrical position D" of the ordering 
point D of the detecting line is corrected to determine the 
ordering point D' of the detecting line. Depending on this 
practice, even if an error is caused in the symmetrical relation 
as to the symmetrical axis Sio of the reference point Gi of the 

10 second member (the first side reference point ) and the reference 
point Gi' of the second member (the second side reference point ) , 
the ordering point D' of the detecting line can be automatically 
determined exactly on the basis of the position of the reference 
point Gi' of the second member . If employing the above method, 

15 the ordering points A' to E' of the detecting lines can be 
automatically determined on the basis of the ordering points 
A to E of the detecting lines, and effort for determining the 
ordering points of the detecting lines can be much reduced . 

In the above explanation, the symmetrical axis is the 

20 image central axial line Sio, but in the first metallic material 
100a and the second metallic material 100b, individual 
symmetrical axes may be determined respectively in order to 
determine the reference points as mentioned above. That is, 
in the first reference member 100a, the image central axial 

25 line Sio is decide as the symmetrical axis, and in the second 
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reference member 100b, the temporary image central axial line 
Si is decided as the symmetrical axis. 

A memory is. in advance stored with data (relative 
positional data) for prescribing the relative positions of the 
5 ordering points A to E and A' to E' of the respective detecting 
lines to the outline Li of the reference work. The relative 
positional data may specifically store relative coordinate data 
determining the coordinate relation between the reference point 
per member of the reference work member 100 and the ordering 
10 points of the respective detecting lines. For example, the 
relative coordinate data of the ordering point Aof the detecting 
line corresponding to the first reference points of the member 
Fi may respectively store X coordinate values and Y coordinate 
values of the ordering point A of the detecting line on an origin 
15 of the reference point Fa of the first member in case the image 
plan is X-Y plan. In such a manner, if the reference point 
F2 is decided in correspondence to the reference point Fi of 
the firstmember in the work member 10 to be detected, theordering 
point A of the detecting line can be decided as the origin of 
20 the reference point F2 by the relative coordinate data. The 
same practice may be applied to a case of deciding the relative 
positional data of the ordering points C, D, E of the detecting 
lines in correspondence to the reference point Gi of the second 
member, and also to a case of deciding the relative positional 
25 data of the ordering points C , D' , E' of the detecting lines 



in correspondence to the reference point Gi's of the second 
member. 

The data of the ordering points A to E and A' to E' of 
the respective detecting lines prescribed on the reference 
5 points (the reference point Fi of the first member, and the 
reference points Gi, Gi' of the second members) are stored as 
the ordering data 125a of the detecting line in the memory 125 
of Fig. 10 such that the data are enabled to be read out in 
the confirmation process. By using the ordering data 125a of 

10 the detecting line in the memory 125, if, for example, the 
reference point F2 corresponding to the reference point Fi in 
the outline Li of the reference work is determined in the outline 
L2 of the work to be detected, the ordering points A, A' and 
B, B' can be determined in correspondence to the reference point 

15 F2, and similarly, if the reference points G2, Gz' corresponding 
to the reference points Gi, Gi' are ascertained, the ordering 
points C, C , D, D' , E, E' of the detecting lines are fixed 
on the obtained images correspondingly. 

Next, explanation will be made to a specific flow of the 

20 detecting method of the protrudent adhered matters. 

At first, a structure of an apparatus will be stated, 
referring to Fig. 10 . Fig. 10 shows a block diagram concerning 
an example of an electrical structure of an inspection apparatus 
1 (see Fig. 7) used to the detecting method of the invention. 

25 The inspection apparatus 1 comprises a photographic camera 12 



21 



^ ) 

functioning as a photographic instrument supported on a frame 
(not shown) and an analyzing part 110 connected thereto. The 
analyzing part 110 is composed of I/O port 111 and CPU 112, 
ROM 113 and RAM 114 connected thereto. CPU 112 functions as 
5 an instrument exerting a treatment (Fig. 5) following a later 
mentioned flow chart on the basis of an image analyzing program 
113a stored in ROM 113. The photographic camera 12 is composed 
as CCD camera having an image detecting part of, e.g., a two 
dimensional CCD sensor 115 and having a sensor controller 116, 
10 and as Fig. 7, to decide a transverse direction to the central 
axial line S2' of the connected work member 10 as a photographing 
direction. 

Fig. 5 shows the flow chart of one example of the detecting 
treatment, and this detecting treatment is exerted mainly by 

15 CPU112 based on the image analyzing program 113a shown in Fig. 
10. Firstly, when the detecting treatment is started, the 
connected work member 10 is secured (SlOO) by a chuck part 2 0 
in a work holding part 22 of the inspection apparatus 1 as shown 
in Fig. 7 . The workholdingpart 22 is rotatable around a rotation 

20 axial line of the central axial line S2' of the connected work 
member 10. The photographing camera 12 as the photographing 
instrument is disposed to decide the transverse direction to 
the rotating axial line as the photographing direction. An 
illuminating apparatus 14 as an illuminating instrument is 

25 arranged under a condition of opposing the photographing camera 



12 interposing the connected work member 10, and an irradiating 
light is issued by a light source 14a from a rear side of the 
connected work member 10 toward the photographing camera 12, 
Subsequently, the connected work member 10 is 
5 photographed by the photographing camera 12, and a photographed 
image is obtained (SllO) , and F2, G2, G2' are determined as the 
reference points (S120) in positions corresponding to the 
reference points Fi, Gi, Gi' determined by the reference work 
member 100 on the outside outline L2 (the outline L2 of the 

10 work to be detected) of the connected work member 10 in the 
photographed image . As to determination of the reference point 
F2 per member in the first metallic material 10a, the same 
technique as determining the reference point F2 per member in 
the first metallic material 10a is practiced in the photographic 

15 image so as to determine the temporary image central axial line 
S2 and the image central axial line S20 for demanding the crossing 
point of the image central axial line S20 and the outline L2 
of the work to be detected, thereby enabling to determine the 
reference point F2 per member in the first metallic material 

20 10a (the technique may be carried out as Fig. 13, and Fig. 6 
shows an example that the temporary image central axial line 
S2 agrees with the image central axial line S20) . Also as to 
the reference points G2, G2' per members in the second metallic 
material 10b, the technique like Figs. 12A - 12D may be applied 

25 similarly to the setting technique of the second reference work 
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members Gi, Gi' in the second reference member 10b. 

In the photographic image, the reference points are 
decided as Fig. 6, and based on these reference points, the 
ordering points of the detecting line (S130) . The ordering 
5 points of the respective detecting lines are positioned by using 
the relative coordinate data stored as data 125a of the ordering 
point of the detecting line. Based on the positioned ordering 
points A to E and A' to of the detecting lines, the detecting 
line 102' is set between points E and E' (S140) • It is confirmed 

10 whether the outline L2 of the work to be detected exists or 
not on the set detecting line 102' , and in case of not existing, 
it is judged that the protrudent adhered matters do not exist 
on the outside of the connected work member 10 as an object 
to be detected. Reversely, in case of existing on the detecting 

15 line 102', it is judged that the protrudent adhered matters 
exist on the outside of the connected work member 10 as an obj ect 
to be detected (3150) . When the image treatment (S150) is 
finished, the process advances to SI 60, and it is judged whether 
angle ranges to be inspected are all accomplished or not, and 

20 in case of not accomplishing, the process advances to S170, 
and the connected work member 10 is rotated at a prescribed 
angle, and obtaining a new photographic image, the treatments 
from SllO to S150 are repeated. 

Figs. 8A - 8E shows a plurality of rotation displacing 

25 conditions of the connected work member 10 and the photographic 
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images corresponding to the rotation displacing conditions. 
In Figs. 8A - 8E, all angle ranges to be photographed are 180"*, 
and the connected work member 10 is rotated per 45° around the 
central axial line S2' (Fig. 7), and in each of the angle positions , 
5 the photographic image is provided. Figs. 8A to 8E show the 
examples of the images provided at the respective angle positions , 
and these images are performed with the image treatment in the 
same technique as Fig. 6 for detecting the protrudent adhered 
matters. The rotating angle intervals may be arbitrarily. 
10 decided in response to diameter sizes of the objective connected 
work members, allowable heights (later mentioned allowable 
heights Hi) of the protrudent adhered matters, or detecting 
precision, and if the angle interval is too large, possibility 
of missing detection of the protrudent adhered matters S 
15 increases, but the treatment can be carried out at high speed - 
If making the interval small, the measuring frequency is 
increased, but the detection is done at high precision with 
less missing detection- 
Prior to the above mentioned detecting treatment, the 
20 height (the allowable height Hi) allowing the protrudent adhered 
matters S from the outline Li of the reference work to exist 
is in advance decided. In case L is the distance between the 
outline Li of the reference work and the detecting line 102, 
the relation between the allowable height Hi and the distance 
25 L may be decided to satisfy 0.3 < L/Hi < 0.9. If L/Hi is less 
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than 0.3, an abnormal condition is possibly exceedingly detected . 
If being more than 0.9, the measuring frequency must be many 
to cause the treatment to be delayed. 

In case Hi is the allowable height as mentioned above, 
5 and R is the diameter to be detected in the connected work member , 
the rotating angle 9 to be decided may be adjusted to satisfy 
the following formula 
[Formula 1] 

0<2cos-'{R-HJR) 
10 herein, 0 < 0 < 180^. 

If increasing the rotating angle G not to satisfy the 
above formula, the protrudent adhered matters do not possibly 
appear in the photographic image. In Fig. 9, 92 is a boundary 
of the angle range having possibility that the protrudent adhered 
15 matters S do not appear in the photographic image. Further, 
it is desirable to adjust the rotating angle 9 to satisfy the 
following formula . 
[Formula 2] 

d < 0.1 

20 herein, d = R(l-cos 9) /Hi = H2/H1 

0 < 9 < 180^. 

In the formula 2, 9 is determined such that the difference 
H2 is within 10% between the height of the protrudent matters 
S to be detected in the photographic image and the height of 
25 the actual protrudent adhered matters S . If H2/H1 = 0 . 1 in Fig . 
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9, the rotation angle 0 is 9 < 01 . If an adjustment is as follows, 
the measurement is performed at high precision, while the 
measuring frequency can be reduced. 

The above mentioned method of detecting the protrudent 
5 adhered matters may be applied to a method of detecting the 
protrudent adhered matters in spark plugs, and applied as one 
process in a method of making the spark plugs. Specifically, 
in a process of welding (for example, a laser welding) noble 
metal chips and a base metal in a central electrode of the spark 

10 plug, theremay be provided a protrudent adheredmatter detecting 
process of detecting presence or absence of the protrudent 
adhered matters on the central electrode surface, using the 
above method of detecting the protrudent adhered matters. In 
the following description, explanation will be made to the spark 

15 plug and the welding process therefore, referring to examples. 

The spark plug 200 shown in Fig. 14 comprises a cylindrical 
main metal body 31, an insulating body 32, a central electrode 
34, and a ground electrode 35, said insulating body 32 being 
fitted inside of the main metal body 31 such that a front end 

20 portion of the insulating body 32 projects, said central 
electrode 34 being furnished inside of the insulating body 32 
under a condition of projecting a firing portion 33 of noble 
metal (also called briefly as ^^the firing portion'' hereafter) , 
and said ground electrode 35 being welded at one end to the 

25 metal main body 31 and bent sideways at the other end arranged 
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to oppose the front end portion of the central electrode 34 . 
The ground electrode 35 is formed with a firing portion 3 6 of 
the noble metal (also called briefly as ^^the firing portion'' 
hereafter) opposing the firing portion 33, and a space between 
the firing portion 33 and the opposing firing portion 36 is 
a spark discharging gap g. 

The base materials of the electrode including the central 
electrode 34 and a chip-covered face portion of the ground 
electrode 35 are composed of a heat resistant alloy of a main 
component being Ni or Fe. 

On the other hand, the firing portion 33 and the opposing 
firing portion 36 are composed of a precious metal of a main 
component being any one of Ir, Pt and Rh. With these precious 
metalS/ even under a condition where a temperature of the central 
electrode is ready for heightening, consumption resistance in 
the firing portions may be made good. A weldability for the 
central electrode 34 and the ground electrode 35 having the 
base material of the heat resistant alloy is also excellent. 
When using the precious metal having a base of such as Pt, 
favorably available other than Pt simplex are Pt-Ni alloy (for 
example, Pt - 1 to 30 mass% Ni alloy) , Pt-Ir alloy (for example, 
Pt - 1 to 20 mass% Ir alloy) , or Pt-Ir-Ni alloy. Being Ir of 
a main component, available are Ir-Ru alloy (for example, Ir 
- 1 to 30 mass% Ru alloy), Ir-Pt alloy (for example Ir - 1 to 
10 mass% Pt alloy), Ir-Rh alloy (for example Ir- 5 to 25 mass% 
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Rh alloy, or Ir-Rh-Ni alloy {for example, Ir - 1 to 40 mass% 
Rh - 0.5 to 8 mass% Ni alloy) . 

The central electrode 34 is, as shown in Fig. ISA, reduced 
in diameter of the front end side owing to a truncated conical 
5 taper 34t, and is laid on its front end face 34s with a chip 
33' of the noble metal shaped in disk composed of an alloy 
composition composing the firing portion 33 • Further, as shown 
in Fig. 15B, a laser beam LB is irradiated on a connected outer 
periphery thereof, so that a laser welded part 202 is formed 

10 on allover circiimf erence (also called briefly as ''^the welded 
part'' hereafter) , and the firing portion 33 is formed by fixing 
the noble metal chip 33' (thereby, the above mentioned connected 
work member 10 is formed) . The opposite firing portion 36 is 
provided by positioning the noble metal chip on the ground 

15 electrode 35 at the position corresponding to the firing portion 

33 and forming the welded part on the outer periphery thereof. 
In case the firing portion 33 at the side of the central electrode 

34 is composed of Ir based metal and the firing portion 36 at 
the side of the ground electrode 35 is composed of Pt based 

20 metal, it is possible to form the latter by a resistance welding 
connection. The noble metal chip used as mentioned above has, 
e.g., diameter D of 0 . 4 to 1 . 2 mm and thickness H of 0.5 to 
1 . 5 mm . 

After the welding process, the detecting process using 
25 the above mentioned detecting method of the protrudent adhered 
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matters is performed, and in case the protrudent adhered matters 
appear on the surface of the central electrode after the welding 
connection and a process of removing the matters is carried 
out as a post-treating process with the detected results, a 
5 result will contribute to production of spark plugs of high 
quality. At this time, the base material of the electrode is 
the second metallic material 10a in Fig. 6, while the noble 
metal chip (the firing portion of the noble metal) is the first 
metallic material 10a in the same. The post-treating process 

10 is not limited to the removing process but to various kinds 
of, for example, post-treating processes such as a re-inspection 
process of carrying out a further inspection onmembers confirmed 
with occurrence of the protrudent adhered matters, otherwise 
a re-processing process of carrying out the re-process for 

15 satisfying a specification of a desired product, or a 
post-process which is assumed by those concerned in the field. 

Besides, the post-process may use a product data — making 
process of making product data based on the inspected results. 
For example, if obtaining an information that a product is bad 

20 on the basis of the inspected result of the protrudent adhered 
matters, the product data making process may adopt methods of 
storing in a data base the information of the bad products 
(information concerning presence or absence of bad products, 
or concerning kinds of badness) in relation with a base 

25 information of the product (data of product number, inspection 
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data, lot number) . Thereby, having distinguished normal 
products and poor products at high precision, statistic 
managements are available. 
INDUSTRIAL APPLICABILITY 
5 In the instant example, the reference point is set to 

the connected work member using the method shown in Fig. 6, 
but in the connected work member of the photographic image 
obtained in the photographing process, when setting the 
reference point, the reference point cannot be set (for example, 

10 with the method as Fig. 6, the reference point cannot be set) 
and if the reference point cannot be set even after a fixed 
time passes, it is possible to regard as if the protrudent adhered 
matters (such as spatters) are adhered to positions to be the 
reference point. That is, based on a time taken for setting 

15 the reference point, it is possible to use a process of judging 
whether the connected workmember occur at the position including 
the reference point or in the vicinity of the reference point. 
By using such a process, for example, if the reference point 
is not set in S120 of Fig. 5, since it is possible to judge 

20 the presence of the occurrence of the protrudent adhered matters 
at such a time, the protrudent adhered matters can be instantly 
detected though not setting the detecting line. 

The invention has been explained through the practical 
example, but the invention is not limited thereto, and so far 

25 as not deviating out of the inventive scope, not limiting to 
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the description of the inventive scope, getting over the scope 
easily substituted by those skilled in this technical field, 
it is possible to appropriately add improvements based knowledge 
ordinarily owned by those skilled. 
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